Abstract
Exothea paniculata (Juss.) Radlk. (Sapindaceae), "butter bough", is a medium-sized tree with bipinnate leaves arranged alternately with 4-6 lanceolate leaflets; infloresences are corymbose-paniculate and the fruit is a dark purple drupe [1] . The tree ranges from Florida, the Caribbean, and Mexico, south through Central America to Colombia and Ecuador [2] . As far as we are aware, the only documented ethnobotanical use of this plant is for tanning animal hides in Caoba, Guatemala [3] . There are apparently no reported medicinal uses of this tree nor have there been any phytochemical investigations. In the course of our study on the biological activities of plants from Abaco Island, Bahamas [4] [5] [6] , we have examined the crude bark extract of E. paniculata and found it to show considerable cytotoxicity. We had previously found the crude acetone bark extract of E. paniculata from Abaco Island to show selective in vitro cytotoxic activity to 5637 human bladder carcinoma cells, but little or no activity toward SK-Mel-28 (human melanoma), Hep-G2 (human hepatocellular carcinoma), or MDA-MB-231 (human mammary adenocarcinoma) cells [6] . The dried bark from E. paniculata was extracted with dichloromethane to give a crude extract with a 1.68 % yield. Bioactivity-directed preparative chromatographic separation of the crude bark extract led to the isolation and characterization of two new cytotoxic norhopene triterpenoids, exotheol A and exotheol B (l " Fig. 1 13 C, and gHSQC NMR spectral data (l " Table 1 ). The proton spectrum showed a characteristic feature of a triterpenoid with five methyl signals (δ H : 0.65, 0.93, 0.96, 1.43, and 1.63 ppm). A downfield methyl shift of 1.63 ppm along with a broad singlet at 4.66 ppm (CH 2 ) was indicative of an isopropenyl group. With a terminal vinyl group at δ H : 5.10, 5.43 ppm, these features suggested a hopene skeleton based on a structure similarity search using the Dictionary of Natural Products [7] . The compound had many similarities in terms of its NMR data to hopene derivatives known as the cavalerols [8] . Five primary, ten secondary, twelve tertiary, and nine quaternary carbon atoms accounted for a total of thirty-six carbon atoms in the molecular formula. 1 H, 1 H-COSY correlations established the spin system sequence from H-1 to H2 and H-3, H-6 to H-7, H9 to H-11 and H-12, H-19 to H-20, and H17 to H21. These fragments were put into place based on HMBC correlations from the methyl groups as well as the CH groups present at the ring junctions. Carbon chemical shift and IR data indicated the presence of two hydroxyl groups. Their position and stereochemistry were ascertained as C-3 and C-6 based on COSY, HMBC, and ROESY data (l " Table 2 ). Both OH groups at C-3 and C-6 had β configuration established through the ROESY correlations between H α -3, H α -5 and H α -6, H α -5. Proton signals at δ 6.85 (d, J = 8.75 Hz) and δ 7.79 (d, J = 8.75 Hz) along with carbon chemical shift values δ = 120.93, 131.52, 115.36, 161.95, and 164.51 and IR, suggested the presence of a p-hydroxybenzoate group, a functionality present in similar norhopene compounds in a previous study as well [9] . The critical position of the p-hydroxybenzoate group was obvious due to its H-11 lying in the H-9 to H-11 and H-12 COSY spin system, the H-2′, 6′ of the benzene ring showing a ROESY correlation to H β -1 (δ H : 1.98-2.03, m), and HMBC correlations between C-7′ and H-11. The α configuration of the p-hydroxybenzoate group was further supported by the ROESY correlation between H β -11 and Me-25. Similarly, exotheol B (l " Fig. 1 ) was an analog of exotheol A with the only difference in the presence of an acetoxy group at C-6 instead of a hydroxyl group as found in exotheol A. The acetoxy group had a β configuration, supported by the ROESY correlation between H-6 and H-5. Here, too, the OH group at C-3 had a β configuration whereas the p-hyroxybenzoate group was at C-11 with H-2′, 6′ showing ROESY correlations to H β -1 (δ H : 2.07-2.12, m). The major COSY correlations, HMBC, ROESY, and other spectral data supporting the structure are summarized in l " Table 2 and Fig. 1 . Letter THIEME The two compounds were screened for in vitro cytotoxic activity against MCF-7 (human breast adenocarcinoma) and 5637 (human bladder carcinoma) cells (l " Table 3 ). It is difficult to speculate about the biomolecular target(s) of the exotheols, but several cytotoxicity-relevant molecular targets have been targeted by pentacyclic triterpenoids [10] , including topoisomerase II [11, 12] , farnesyl protein transferase [13] , DNA polymerase β [14] , and lipoxygenase [15] . In order to provide some insight, a molecular docking analysis of exotheol A, exotheol B, and ursolic acid (a triterpenoid known to inhibit topoisomerase II, DNA polymerase β, and lipoxygenase) was carried out using the Molegro Virtual Docking program [16, 17] . The docking energies of the lowest-energy docked poses are summarized in l " Table 4 . Except for the ATP binding site of topoisomerase II, exotheol A and exotheol B both docked more strongly to the protein targets examined than did ursolic acid. This docking study suggests that the DNA binding site of topoisomerase II could be the protein target for the exotheols. There are only a few hopene triterpenoids described in the literature (around 38 are listed in the Dictionary of Natural Products [7] ) and most of these do not include biological activities. In this present work, we have presented the considerable cytotoxic activities of two norhopene triterpenoids from the bark of E. paniculata.
Materials and Methods

!
General experimental procedures NMR spectra were obtained by a Varian INOVA 500 spectrometer for 1 H NMR, 13 C NMR, COSY, ROESY, HSQC, and HMBC. HRMS/ESI were measured with a Bruker microOTO-Q II spectromer. IR spectra were obtained with a Perkin-Elmer Spectrum One FT-IR spectrophotometer. Letter THIEME Huntsville herbarium (WNS2002EXPA). The bark was chopped and air-dried. The dried bark (1334 g) was extracted with refluxing dichloromethane for six hours to give 22.4 g of crude extract.
Plant material
Bioactivity-directed isolation
The crude bark extract (20. 
Cytotoxicity screening
The crude extract and purified compounds were tested for cytotoxicity against MCF-7 (human breast adenocarcinoma cells, ATCC No. HTB-22) and 5637 (human bladder carcinoma cells, ATCC No. HTB-9) cells. MCF-7 cells were grown in RPMI 1640 supplemented with 10% fetal bovine serum (FBS), 30 mM HEPES, sodium bicarbonate, and penicillin-streptomycin. Then, 5637 cells were grown in RPMI 1640 supplemented with 10 % FBS, 1.0 mM sodium pyruvate, 2.5 g glucose, 30 mM HEPES, sodium bicarbonate, and penicillin-streptomycin. In vitro cytotoxic activity was performed using the 96-well MTT assay as previously reported [18] .
Computational methods
Protein-ligand docking studies were carried out based on the crystal structures of yeast topoisomerase II (PDB 1QZR [19] and 2RGR [20] ), rat DNA polymerase β (PDB 2BPC [21] and 3 UXN [22] ), human 5-lipoxygenase (PDB 3V99 [23] ), and human farnesyl protein transferase (PDB 1JCQ [24] ). Prior to docking, all solvent molecules and the cocrystallized ligands were removed from the structures. Molecular docking calculations for all of the compounds with each of the proteins were undertaken using Molegro Virtual Docker v. 6.0.1 [16, 17] with a sphere large enough to accommodate the cavity centered on the binding sites of each protein structure in order to allow each ligand to search. If a co-crystallized inhibitor or substrate was present in the structure, then that site was chosen as the binding site. If no co-crystallized ligand was present, then suitably sized cavities were used as potential binding sites. Standard protonation states of the proteins based on a neutral pH were used in the docking studies. The protein was used as a rigid model structure; no relaxation of the protein was performed. Assignments of charges on each protein were based on standard templates as part of the Molegro Virtual Docker program; no other charges were necessary to be set. Each ligand structure was built using Spartan ʼ14 for Windows [25] . The structures were geometry optimized using the MMFF force field [26] . Flexible ligand models were used in the docking and subsequent optimization scheme. Different orientations of the ligands were searched and ranked based on their energy scores. The RMSD threshold for multiple cluster poses was set at < 1.00 Å. The docking algorithm was set at maximum iterations of 1500 with a simplex evolution population size of 50 and a minimum of 100 runs for each ligand. Each binding site of oligomeric structures was searched with each ligand. The lowest-energy (strongest-docking) poses for each ligand in each protein target are summarized in l " Table 4 . 
